A field experiment was conducted at Nubaria agricultural research station during the 2007 and 2008 summer seasons. Two irrigation regimes e.g. 100 and 75% of maize water requirements, respectively, under drip irrigation system and ten (5 single-cross (SC) plus 5 three-way cross (TWC) maize hybrids and their interaction were assessed. The experimental design was a split-plot with three replications, where the main plots represented two irrigation regimes and the sub-plots were assigned to the ten maize hybrids. The main findings could be summarized as follows: Significant decreases in grain yield were observed under deficit irrigation comparing with adequate one in 1 st and 2 nd seasons. Plant height and ear height exhibited similar trends, however, the differences did not reach the significant level due to irrigation regimes. An opposite trend was recorded for number of days to mid-silking, anthesis -silking interval and leaf proline content traits, where 75% irrigation regime resulted in higher values of such traits in the two seasons of study, comparable with 100% irrigation regime.As for maize hybrid types, notable opposite trends in grain yield were found, where TWC hybrids average increased by 1.80% more than SC hybrids in 2007 season, meanwhile SC hybrids averaged surpassed that of TWC hybrids average by 1.87% in 2008 season. Additionally, TWC hybrids exhibited shorter values of days to mid-silking and anthesis-silking interval (day) compared with SC hybrids, in the two seasons of study. The average of leaf proline content was higher for SC hybrids, comparable with TWC hybrids. On average basis, SC hybrids exhibited higher value of (DSI) 
INTRODUCTION
Water scarcity is a growing global problem challenging sustainable development and inducing a constraint on producing satisfactory foods to meet increasing food requirements. Egypt is mainly an agricultural country depending on the River Nile as the main resource for water, and agriculture consumes about 85% of the available water resources. Maize (Zea mays L.) is one of the most important cereal crops wide world. Maize is still a major traditional food and feed crop, and the grain is a key industrial raw material for very diverse purposes. Egypt lies in arid region, and crop production in such circumstances is faced by the prevalence of a number of rather extreme and detrimental conditions such as limited water supply and drought conditions. In order to mitigate maize production -consumption gab, as an important national issue, great attention must be paid to increase its productivity. This could be achieved by adopting high yielding cultivars, efficient water management…. etc. Edmeades et al. (1989) stated that, drought is estimated to cause average annual yield losses in maize of about l7% in the tropics. El-Tantawy et al. (2007) in 2 -season research work, found that irrigating maize with 0.8 or 1.0 pan evaporation coefficient induced yield reductions reached to (36.07 and 35.97%) and (6.15 -8.05%), respectively, comparable with1.2 pan evaporation coefficient. The author added that, the highest water use efficiency was obtained under either irrigation with 1.2 pan evaporation coefficient or 1.0 pan evaporation coefficient in the 1 st and 2 nd seasons. Karasu et al. (2015) showed that, irrigation levels significantly affected the maize grain yield, all morphological and quality parameters. Roth et al. (2013) stated that periods of drought at critical growth stages can negatively impact yield even if soil moisture is not limiting at other stages of development. In addition, Adee et al. (2016) reported that the yield advantage of DT hybrids was positively correlated with evapotranspiration (ET), such that the DT hybrids yielded more than non-DT hybrids in high and medium ET environments. Oyekale et al. (2008) stated that the usefulness of DSTI as a useful index for determining drought stress and suggest that maize hybrids with DSTI values around 0.6 from field trials have potentials for satisfactory productivity under drought stress. Adebayo and A. Menkir (2014) reported that maize hybrids differed significantly for grain yield and other measured traits under both drought stress and well-watered conditions. El Sabagh et al. (2015) found that significant differences were observed among maize hybrids with respect to yield and yield traits. Proline has been suggested to play multiple roles in plant stress tolerance. Additionally, Blum (2005) stated that apparent genotypic variations in WUE are normally expressed mainly due to variations in water use, and reduced WU, which is reflected in higher WUE, is generally achieved by plant traits and environmental responses that reduce yield potential. Bogess et al. (1976) . Marjorie and Nicholas (2002) showed that the proline which accumulates at low water potential may be translocated from the endosperm of germinating seedlings, and the rate of proline utilization in maize roots exceeds the biosynthesis capacity even at low water potential. El-Sayed (1998) reported that water stress caused a significant delay in silking date when water stress was imposed at pre-flowering, flowering, and post-flowering stages. Abayomi et al. (2012) reported that there were no appreciable differences between the two maturity maize groups (5 extra-early and 12 early genotypes) for most measured parameters. However, across the two groups, crop establishment parameters, morpho -physiological growth parameters, yield components and grain yield were significantly reduced by soil moisture deficit, while flowering characteristics were significantly delayed by soil moisture stress with significant variable genotypic responses.
The objectives of the present study are to assess the grain yield, level of tolerance to water stress, and the water productivity and leaf proline content of ten maize hybrids under deficit irrigation conditions, comparing adequate irrigation, in the calcareous soils at Nubaria region, Egypt.
MATERIALS AND METHODS
A field experiment was conducted at Nubaria agricultural research station, during 2007 and 2008 summer seasons to evaluate the effect of water stress on performance and productivity of ten maize hybrids in the calcareous soils. Some physical and chemical characteristics of the soil at the experimental site were determined as described by klute (1986) and are Page et al. (1982) , and presented in Tables 1 and 2 . Experimental design and adopted treatments:
The experimental design was a split-plot with three replications. The main plots represented two irrigation regimes and the sub-plots were assigned to the ten maize hybrids listed in 
Irrigation system and cultural practices:
Drip Irrigation system was adapted and consists of a conveying pipeline system PVC main line 63 mm and PVC sub-main line 50.8 mm and PE manifold 38.1 mm. The drip lateral lines of 16 mm diameter are connected to the manifold line and containing emitters at 50 cm apart with 4 L/h discharge rate for each. The drip irrigation lines were arranged as one irrigation line for each line of plants with 6 m long. Irrigation treatments were initiated 25 days post planting, and irrigation water was daily applied and continued throughout the entire growing season. The amounts of water applied per irrigation event were calculated according to Vermeiren and Jopling (1984) 
Drought tolerance indices, Water Productivity and Leaf free proline content:
Drought Susceptibility Index (DSI) was calculated by the formula given by Fisher and Maurer (1978) Fisher and Wood (1981) as follows:
Free proline content was determined in the genotypes leaves according to the procedure outlined by Bates et al. (1973) . Water Productivity (WP):
Water Productivity (WP) values were estimated according to Iskandar and David (2004) as follows:
Water Productivity (WP, Kgm -3 ) =
Statistical analysis:
Analysis of variance for the studied characters were performed using SAS software (version 8.1, 1997), PROC MIXED (Little et al. 1996) . Irrigation treatments and maize hybrids were treated as fixed effects and replication as random effects. Treatment means were compared by FLSD and calculated using SAS software.
RESULTS AND DISCUSSION
On a general overview basis, results in Table 5 show that, the adopted irrigation regimes significantly affected all of the studied traits, except plant and ear heights in 2007 and 2008 seasons. In addition, significant differences were observed among the evaluated hybrids for all the studied traits in 2007 and 2008 seasons. Furthermore, the water x hybrid interaction was also significant for all the studied traits except for plant height and ear height in 2007and grain yield and ear height in 2008. Mehasen and El-Gizawy (2010) found that grain yield of either SC10 and SC haitic or TWC haitic and TWC 324 maize hybrids tended to reduction as irrigation level decreased. In the present study, plant height and ear height exhibited similar trends in the two seasons of study, however, the differences did not reach the significant level due to irrigation regimes. An opposite trend was recorded for number of days to mid-silking, anthesissilking interval and leaf proline content traits, where 75% irrigation regime resulted in higher values of such traits in the two seasons of study. The increase values, in 2007 and 2008 seasons, amounted to (3.53 and 3.56%), (48.58 and 42.74%) and (23.87 and 14.02%) for the abovementioned traits, respectively, under 75% irrigation regime higher than 100% irrigation regime. Hermalina Sinay and Ritha Lusian Karuwal (2014) reported that the highest proline value was obtained with the drought stress condition (12 days watering interval), and the lowest in the control (every 2 days watering interval). 
Effect of maize hybrids
Regarding to the tested maize hybrids affecting grain yield, data reveal that grain yield average in 2007 season was higher by 24.61% more than 2008 season, regardless the hybrid types, Data also reveal that TWC hybrids exhibited shorter values of days to mid-silking and anthesissilking interval (day) compared with SC hybrids, and such findings were true in 2007 and 2008 seasons. In connection, Adebayo and Menkir (2014) reported that maize hybrids differed significantly for grain yield and other traits under both drought stress and well-watered conditions. In addition, El Sabagh et al. (2015) observed significant differences among maize hybrids with respect to yield and yield traits. The average of leaf proline content was higher for SC hybrids, with increases amounted to 2.11 and 4.35, respectively, in 2007 and 2008 seasons, comparable with TWC hybrids. Accumulation of proline under stress in many plant species has been correlated with stress tolerance, and its concentration has been shown to be generally higher in stress-tolerant than in stress-sensitive plants, Demiral and Turkan (2004) . In addition, Moharramnejad et al. (2015) found that the osmotic stress markedly enhanced the levels of proline in both maize inbreds lines (B73 and MO17), but this was more pronounced in MO17. Faheed et al. (2016) reported that leaf proline content (2 -season mean) for TWC maize hybrid exceeded that of SC Pioneer 30K09 by 5.92%.
On average basis, data in Table 7 Oyekale et al. (2008) suggested that maize hybrids with Drought stress tolerance index (DSTI) values around 0.6 from field trials have potentials for satisfactory productivity under drought stress.
Interactions
The SC10 maize hybrid exhibited the potentiality of grain yield with the adequate irrigation regime, and produced 11.38 and 9.67 Mgha -1 of grains, respectively, in 2007 and 2008 seasons, Table 8 . Azeez et al. (2005) and Balbaa (2007) reported significant differences among maize genotype under differed drought treatments for grain yield. In addition, Oyekale et al. (2008) emphasized the usefulness of Drought Stress Tolerance Index (DSTI) as a useful index for determining drought stress and suggest that maize hybrids with DSTI values around 0.6 from field trials have potentials for satisfactory productivity under drought stress Data in Table 9 Abayomi et al. (2012) found that flowering characteristics were significantly delayed by soil moisture stress with significant variable maize genotypic responses.
The interaction data in Table 10 indicate that higher leaf proline contents were observed with TWC 324 hybrid as interacted with 75% irrigation regime, which reached to 59.4 and 56.6 mgg 
Crop Water Productivity (CWP):
Regardless the assessed maize hybrids, the amounts of applied irrigation water calculated using the CROPWAT model were 8000 and 6070 m 3 ha -1 under 100 and 75% irrigation regimes, respectively. Results Table 11 indicate, in general, that average crop water productivity values increased with decreasing water application, where CWP, under 75% irrigation regime, was increased by 3.07 and 7.72% in 2007 and 2008 seasons, respectively, comparable with 100% irrigation regime. Karasu et al. (2015) reported that deficit irrigation improved the efficient use of irrigation water. Moreover, EL-Hendawy et al. (2008) found that irrigation water use efficiency of drip -irrigated maize (TWC 321) was higher under 80% ETc regime by 22.17% (2 -season mean) than that with 100% ETc regime. In the present study, two seasons average for CWP of TWC maize hybrids under 70% irrigation regime was higher by 1.89 and 13.83% than of SC maize hybrids, compared with 100% irrigation regime. Under stress conditions, average CWP value for the TWC hybrids was higher by 13.48% in 2007, and seemed to be negligible (0.79%) in 2008 season comparing with SC hybrids, respectively. In this sense, Blum (2005) and Adee et al. (2016) , indicated that difference between CWP values may be due to the fact that SC hybrids require more water than the TWC hybrids. In this sense, Faheed et al. (2016) found that transpiration rate (mmolm -2 s -1 ) of SC Pioneer 30K09 was higher by 14.91% than that of TWC 321. In addition, Adee et al. (2016) reported that WUE advantage of DT compared to non-DT hybrids was different depending on the level of ET for the season. The authors added that DT hybrids had greater WUE, producing more yield for a given amount of moisture in the high and medium ET environments. The present results indicate that under 100% irrigation regime, an opposite trend was notable, where average CWP value for the SC hybrids was higher by 5. 26 Crop water productivity (CWP) was increased with reducing the amount of applied water, which comprised 2.93 to 3.03 kg m -3 in 2007 and 2.25 to 2.55 kg m -3 of water in 2008 for treatments of 100% and 75%, respectively.
As for yield potential and higher CWP, SC 10 and both TWC 321 and 327 hybrids were superior under adequate and deficit irrigation conditions, respectively.
